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Abstract

We report electrical resistance and mgnetoresistance measurements on

O under pressures to 17 kbar,-q~#y)3 x

depressed rapidly (*19 K/at.% Zn) and there are

with Zm substitution,T= is

qualitative changes in the

Temperature

Substituted

temperature

end field response of the resistance. Pressure drives the Zn-

samples tomrdundoFd E~@30xbehvior. Analysis of the

dependent resistance for y = 0.05and P = O, together with Hall

effect and thermopower data, suggemts that the suppression of supercon-

ductlvity~ar$se from weak three-dimensionallmlimition promoted by

interactions.

Cou1omb

Running title: ReMistivity of E~(Cul-yZny)30x
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Understanding the mechanism for high superconducting transition tempera-

tures T= in the oxide compounds RBa#u30x is among topics most actively pursued

currently. The observation [1] of virtual independenceof T= when R is a rare

earth highlighted the importance of the CU-O plsnes/chains for auperconducti-

Vity. Recent studies of the o~gen content [2] ani 3d element substitution for

Cu [3] have reinforced this viewpoint. However, there is still no consensus on

the actual processes

We have studied

where y = 1, 3.5 and

leading to superconductingpair for~tion and condensation.

~(~~.yzny)~ox’the influence of srmll amounts of Zn in E

5

under pressures P < 17

conventionalac and/or

transition temperature

at%, through electrical resistivity and nmgnetoresistance

kber and Hall effect and thermopower measurements using

dc techniques. As shown in Fig, 1 the superconducting

is depressed by Zn substitutional a rate dTc/dy = -19

K/at%, which is over five times larger than for Cr end XXIdoping [4] end nearly

three times larger than for NI [5]. Recause Znhasa full 3d shell, this

depression clearly is not related to nmgnetic pair-breaking effects.

In Fig,2 we show the resistance R of E~(Cu0,W~,01)30xat four

different pressur-’sas a function of temperature. In contrast to R(T) for

EIJMJM=O., which is linear in T from shoveT. to room temperature, the
& Q*

resistancefor x = 0.01

reaching a nmximum near

pressure, the region of

incrsames, AT= (10-9OZ)

G

varies non-monotonicallywith decreasing temperature,

80K before dropping tozoro at --45K. With increasing

linear resistance extends to lower temperatures,Tc

sharpens, and Lt the highwsr pressurcm the nmximum in R

disappears. The inset of Fig, 2 shows that dTc/dP is almowt ten times large-

for x = 0,01 then for x = O and fur other ~@30x ~~es previously studied

[6].
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For x = 0,05 (Fig. 3), the zero pressure resistance increases monotoni-

cally with decreasing temperature,and there Is no sign of superconductivity

above 4 K. (Results for x = 0.035, not shown, are intermediate between x = 0.01

and 0.05 both at ambient and eievated pressures.) With pressure the low

temperature resistance upturn is suppressed and a UEUCimUmappears near 10 K

under 16.1 kbar, possibly signaling the appearance of a superconducting

transition. The application of an 8 T ~etic field H (see Fig. 4) restores

the resistance to Its temperature dependence in zero field for P ~ 11.6 kbar.

The mquence of curves in Fig. 4 shows that the large ~etic field effect on

the resistance depends on the mgnetlc and therml history of the sanple.

Xagnetoresistance curves obtained in a similar outnnerfor P = 11.6 kbar resemble

those in Fig. 4 for H > 0.06T, while for P = O the resistance changes by less

than 0.5% under an S T field at all temperaturesT < 300 K, as is also the case

for undoped EtlBap130x.

In an earliar study of 3d element substitutions for Cu in

%@’o.!#o.l)3°w
Xiao [3] noted, on the basis of a moderate resistance

upturn for T > Tc, that the conduction electrons appeared to become weakly

localized before superconductivitysat in and that this was most pronounced for

Zn. The inset of Fig. 3 shows a plot of electrical conductance versus ?3.

#3 found for 4< T <120 K, is consistent withThe linear variation, l/R “ ,

the power law dependence expected [’7]for weak three-dimensional localization,

If the observed behavior is due to localization, it arises from more than simple

dimorder because

low temperatures

dramatic effect.

5% Cr or Mn substitutions,while causing a re~i~tmicw upturn at

before tileonset of superconductivity,do not have such a
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Both the thermopower end Hall coefficient, positive for y = O, remain

positive but change substantially,by factors of nine and three respectively,

upon substituting 5 at% Zn, indicative of strorg modifi-tions to the Fermi

surface

Coulomb

Gulomb

character. Previously we hale argued 18] for the presence of strong

correlations in YBa#X30x. Thedataof Ffgs. l-4 might suggest that

effects become increasingly important with Zn doping. Reasoning for a

plausible argument is as follows: Beoause Zn has a full d-band, substitutionof

Zn reduces the d-density-of-statesat +, believed to be important for

superconductivity [9], and consequently inhibits conduction screening of Coulomb. .

interactions. The enhaiiced~ulomb effects in turn promote localizationat the

expense of superconductivity. ti the other hand, pressure favors

superconductivityas shown in Fig. 2. ‘fhesearguments are consistent with a

large bodj of data,

superconductors.

In surmmry, Zn

in addition to those presented here, on the Q-O

%(m~-yfiy)~o~ ‘esults in asubstitution for Cu in E

stw,mg depression of superconductivity that my arise from Coulomb-correlation

assisted localization. The application of pressure tends to drive y > 0 samples

towards behaviors found inundoped EuBa#u30x.

AC%N~ a

Work at Los Alamw was performed under the auspices of the United States

Department of Energy, officeof BasicEnergysciences, Division of Materials

Sciences,
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Fi- e Ckmtions

Fig. 1

Fig. 2

Fig. 3

Fig. 4

@q~#p3 xSuperconducting transition of E O as a function of ZrI

concentrateion. T= was determined from the onset of diamagnetic

response sensed by dc susceptibilitymeasurements.

Resistance of EuBq2(Cu0 &nOo 1)3xO at four pressures as a function
. .

of temperature. The inset compares

mid-point transition temperatureof

the pressure dependence of the

EuBa#u30x and

-#~ooggzq).(Jl)30x”

Resistance R of

temperature T.

at P = O kbar.

O at three pressures versus~~(~oog5fio.05)3 x

‘#3 for this sampleThe inset is a plot of l/R versus

%(&O ~fio,m)30x at p = 16.IResistance versus temperature for E
.

kbar in various applied magnetic fields H. After cooling the sample

in zero field, measurements upon warming to 20 K were taken in the

sequence: O (open circles), 8, 7, 6, 5, 0.5, 0.05, andOT. After the

last H = O run, the sample was warmed to 40 K, then cooled and rerun

in zero field (squares).
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